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INSIDE THE STERDID PIPELINE STING
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CLIMATE CHANGE
IN THE NEWS

Economist.com

[The Arctic
Lines in the ice

[THE temperature is rising in the Arctic. As global warming causes the polar ice-
aps to melt, natural resources and lucrative shipping routes are becoming more
laccessible. Russia's jaunty placing of a flag on the seabed near the North Pole was|
nly one of several exploratory expeditions this summer. Norway, Denmark (througl
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ts sovereignty over Greenland), Russia, Canada and America could all claim a slice
f the region. According to the UN Convention on the Law of the Sea, each
ountry is entitled to a 200 nautical mile (370km) economic zane from its coast,
bius any area which it can prove is connected to its own continental shelf.
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ORT GLOBAL WARMING

BE
WORRIED.

Climate change isn't some vague
furture problem—it's already
damaging the planet at an alarming
pace. Here's how it affects you, your
kids and their kids as well

EARTH AT THE TIPPING POINT
HOW IT THREATENS YOUR HEALTH
HOW CHINA & INDIA GAN HELP
SAVE THE WORLD—OR DESTROY IT

THE CLIMATE CRUSADERS



CLIMATE CHANGE:

View through a prism of ice

A window to the past




WINDOW TO THE PAST:
Paleoclimatology

Deep Glacial Ice Cores

* Fresh Ice

* No melting

* Constant accumulation

 Little deformation

» 2-miles deep

* One of the longest
historical record of
climate

* Represents over
100,000-year period

* Pre-industrial




Accumulation Only!
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WINDOW TO THE PAST:
Paleoclimatology

Deep Glacial Ice Cores

19 cm long section of GISP 2 ice core from 1855 m
showing annual layer structure illuminated from below

o Li g ht and dark Iayer =1 year by a fiber optic source. Section contains 11 annual
: . layers with summer layers (arrowed) sandwiched .
* Think: Treerin g between darker winter layers. :

* Thickness proxy for temperature
 Thinner the band, colder the temp




WINDOW TO THE PAST

Results from GISP core

Now _‘ » Then

Temperature at Constant Elevation (°C)

40 50

Thoﬁsands of Years Before Present

Natural periods of rapid and significant change in temperature



WINDOW TO THE PAST

Atmospheric Content




WINDOW TO THE PAST

CO, and temperature

300,000
Years Ago
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WINDOW TO THE PAST

CO, and temperature

300,000 200,000 100,000

60° Years Ago Years Ago Years Ago Today
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WINDOW TO THE PAST

CO, and temperature

300,000 200,000 100,000

e Years Ago Years Ago Years Ago

64° ﬂ
68° \ )
76° A , f “:.; | | /

M Temperatu

\.\\
s0ef | ’\/n N

-84°

F | 260

220

180

L Temperature in Antarcticain °F  Carbon Dioxide Concentration in PPM J




WINDOW TO THE PAST

Summary

Deep glacial cores key resource for
nistorical perspective

_arge and sudden swings in regional
temperatures have occurred in the past

Temperature and CO, content closely
linked

Current CO, levels alarmingly high
Experimenting with Mother Nature




Want ads — 1910

Notice:

Men wanted for hazardous journey.
Small wages, bitter cold.
Long months of complete darkness.
Constant danger. Safe return doubtful.
Honour and recognition in case of success.

- Ernest Shackleton

They were driven by a map



A map with blank spaces

The golden age of Arctic exploration



Intergovernmental Panel on Climate Change
Predictions for 2090 “business as usual”

* significant warming

* most pronounced in the Arctic




The Arctic sea ice cover

* Vast areal extent

» Meters thick

* Only a few years old
* Floating, moving ice
 Great variability

* Bright and white

The frozen ocean at the top of the world



The Arctic Sea Ice Cover

———

An indicator and amplifier of climate change



How can you measure area of ice ?

 Ship records? * Expeditions?

* Traditional knowledge? * Epic sagas”?

. Satellites?_ | )  Charts?




Sea ice extent: satellite surveys

 Satellites have been monitoring since 70’s

* Visible and infrared imagers

* Microwave - day, night, all weather

* Do a fine job of differentiating ice and ocean

Mission to planet earth



lce extent — seasonal changes

* 16.2 million square kilometers « 7.5 million square kilometers
* About size of continental US and Canada * About size of continental US

Areal extent varies by about a factor of 2



Sea ice extent
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Major oscillations —looks complicated



Ice extent (10° km?)

Sea ice extent — September
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Downward trend, record low in 2007



Sea ice extent — September
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Downward trend, record low in 2007



Sea ice extent — September

Ice extent (10° km®)
(e))
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Decrease of
15 % per decade

Decrease of
3 % per decade

1978

1983 1988 1993 1998 2003 2008

Downward trend is accelerating



Sea ice extent — September

Ice extent (10° km®)
(e))
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Decrease of
15 % per decade

Decrease of
3 % per decade
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1978

1983 1988 1993 1998 2003 2008

Downward trend is accelerating




Changes In sea ice extent
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September 1980: 7.8 million square kilometers



Changes In sea ice extent
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September 2007: 4.2 million square kilometers



Changes In sea ice extent
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Changes In sea ice extent
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Huge decrease in ice extent



How thick is the ice?

NORTH POLE
6 May 1986 * |ce thickness from submarines

e Here and there...
Officer Tactical Command

 Every so often...

 Consider 7 regions

s nay » Three time periods:

g « Good old days (1958 — 1976)
* The nineties (1993 — 1997)
USS Hawkbil : » Past decade (2003 — 2007)

-

|
Best historical record is from submarines



How thick is the ice?

NORTH POLE
6 May 1986

722

) 7

Director ARCSUBLAB

L7 L gt
" USSArcherfish
“=SSN 678...

USS Ray
SSN 653

USS Hawkbill
SSN 666

Officer Tactical Commang

Average ice thickness (m)
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Thinner than it used to be




How old I1s the ice?

“Niarch 1088 March 2008
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Younger than it used to be



Observations show sea ice Is melting

Ice area is small, ice is thinner and younger



What about the future?

— September ice extent —
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Models predict decline in ice extent



What about the future?

— September ice extent —
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Stroeve et al. 2007
Observationed decline is faster! But why?




The Ice-Albedo Feedback:
An Amplifier of Climate Change

The ice strikes back!



What iIs the albedo?

O 2790
o | j Rcosadad ¢
0

o Albedo = 2075 5
Q)eé . ACS j | cos &l ad g

0 —90

My favorite geophysical parameter



Albedo

Incident sunlight




Albedo

reflected sunlight Nothing reflected = 0
incident sunlight All reflected = 1

Albedo =

. A""ﬂs‘?’&s‘?‘ﬂ'&_' - X*--nl. e,

Albedo is fraction of sunlight reflected



Ice albedo feedback: amplifying change

Seaice in spring



Ice albedo feedback: amplifying change

1.0 T u I
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0.8

Albedo

Ocean

Largest albedo to smallest



Ice albedo feedback: amplifying change
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Estimate of solar heating

Heat into ocean = Sunlight x Ocean area x (1 — albedo)

Input:
« Sunlight - models

 Ocean area - satellite
» Ocean albedo (&) = 0.07

Output: P
Sunlight absorbed to the ocean : - g

~

Incident solar, ice concentration, and albedo -> heat input



Region of Interest

» Everywhere there is ice (white area)
* 25 x 25 km grid

« 25,000 grid points 2000
- Every day from 1979 to 2007 4

« Compute input to ocean
1500

1000

500

Heat inpu._tmover the Arctic Basin...from 1979 to 2007...daily




27 year trend of annual ocean solar heat input
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The state of the ice cover

-~ - - 4
-y o :

S g = R

* The sea ice cover is in decline

* Ice albedo feedback is contributing
» Changes are faster than predicted
* The fundamental nature is changing , - B

-----
FESEEESEREERET T O

But what of the future?



Issues for a changing climate

How much warming?
How fast will it happen?
How will the ice change? 8

| | | | | |
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Will the Arctic be ice free In summer?



Not just an intellectual exercise

* Polar bear threatened species
 Coastal erosion

* A flag at the pole

* Tourism ., :
» Resource exploration iy | : S
« Marine transport |

 Law of the sea

* Ice — free Arctic Ocean

Ehe New York Times

Europe Science
NOLOGY SCIENCE HEALTH SPORTS OPINION

Russians Plant Flag on the Arctic Seabed




The Road Ahead?

Arctic Sea lce Summer Minimum

Arctic Sea lce Summer Minimum
Year 2040 g
UCAR, Holland et al., 2006

lce-free summers in foreseeable future


ftp://ftp.ucar.edu/communications/arctic/sea-ice2000.jpg
ftp://ftp.ucar.edu/communications/arctic/sea-ice2040.jpg

Sovereign Rights and Jurisdiction

- Agreed borders
USA - = = Equidistance line

=== 200-mile line
Russian claim
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All locations approxamate

1) North Pole 3) 200 nautical mile line $) EEZ & CS Dispute
2) Lomonosov Ridge 4) Russian-claimed ECS




IMPACTS

Viability of Northern Sea Route

# Cape Lisburne i

74 ALASKA
& P
9
& 2
* Nome
Bering Sea o7 100
0 100km

Area of low petroleum potential
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Economical access to natural resources
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Increasing Tourism
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TRANSITION ZONE

Ocean meets the land

Combination of more open
ocean conditions and warming
permafrost results in increased

coastal erosion

nnnnnn

Kivalina, Alaska




Shoreline Protection System
Waves and Ice

Barrow, Alaska

12l




lvu (aka Ice Shove)




WHAT ABOUT THE LAND?




Permafrost Degradation

Barrow The North Slope Site Map

Prudhoe Bay

il

“TSP” Time Series - Northern Alaska
(Osterkamp and Romanovsky)
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Substantial warming during last 20 years
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IMPACT: Trans Alaska Pipeline

Pile Jacking

Retrofits to Amrest Settlement, Jacking or Leaning
Cross-Country Adfreeze
. . . Fi d
Piles to Support Pipelines £ Candanser
O @
i i Bond Breaker g"g“:,’
Typical Installation Tl Mri‘mu;“es
Jacking Foroe \l/
 — i
Heaipipe L. of
0.3m Steel Evaporator
/‘ Pipe Pile Inside Pile
Tundra
Sand Slurry
~4m New Installations
4 Bond Breaker

to Lessen Frost
Jacking Force

Tundra

Degrading (Warming)
Icy Permatrost




IMPACT: Surface Mobility

STRYKER SPEED (Summer)
FORT RICHARDSON

Installation Boundary
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= 5-15
=3 Frost Depth 1-5
a Thaw Depth

0,no go

800 =

8/1  9/20 11/9 12/29 2/17 4/8 9/5

Decreased periods of tundra travel



IMPACTS: A Way of Life

« Shifts in the terrestrial and marine ecosystems
 Cultural changes for Native population

Photos by Bill Hess



SUMMARY

(From a Po ¢ Bear’s/'Perspectize)

Challenges
galore!

Ice covers and future
climate c
Recent ol servationk of mexsng ice
global temperatures

Expect warming to continue throughout this century

Impacts are significant in the Arctic

nsistent with warming






APLIS ICE CAMP 2007

Base of Operations

Alaskan Beaufort Sea

|+ 200 miles North of Prudhoe
« 1-1/2 hour plane ride

 Edge of perennial ice zone

 Multi-year ice floe




APLIS 2007




GETTING AROUND




IN FROM THE COLD







HOME, SWEET HOME
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FACES OF APLIS 2007







